In a former publication from this Laboratory, results on the compressibility of various minerals and rocks were presented.' At the time when these measurements were made the importance of the physical properties of the ultrabasic rocks was not fully appreciated. Realizing that too little emphasis had been placed on these materials we have now made a number of measurements on a rock approaching olivine in composition. For reasons which will be given later, we have also made some measurements on a sample of basaltic glass.
GZOPHYSICAL LABORATORY, CARNZGIH INSTITUTION OF WASHINGTON Communicated March 31, 1926 0 In a former publication from this Laboratory, results on the compressibility of various minerals and rocks were presented.' At the time when these measurements were made the importance of the physical properties of the ultrabasic rocks was not fully appreciated. Realizing that too little emphasis had been placed on these materials we have now made a number of measurements on a rock approaching olivine in composition. For reasons which will be given later, we have also made some measurements on a sample of basaltic glass.
Method.-The method used in measuring the compressibility of solids has already been described in detail.2 The material to be investigated is subjected to pressure in a steel cylinder or bomb. The specimen, usually cylindrical in form, is entirely surrounded by a liquid, and pressure is produced by forcing a piston into the bomb. The compressibility is determined by a series of measurements of (1) the pressure, which is measured by means of a resistance gauge, and (2) the piston-displacement as read on a dial micrometer. A preliminary experiment using a solid of known compressibility, namely soft steel, serves to compensate for the distortion of the bomb and for the compressibility of the liquid used to transmit pres- -v, and --i-. are, respectively, the fractional decreases (4), ,3 b. Strictly, the value of b gives the average compressibility over the given range of pressure, or, since this pressure range is 2000 to 12,000 megabars, it gives the compressibility at the mnigpint-7000 megabars.
For the durite, the average value of b is 0.812 X 10-6, which, then, is the most probablevalue of the compressibility at 7000 megabars. In the seven determinations of b the average deviation from the mean (regardless of sign) is 0.014 X 10-6 and the greatest deviation is 0.039 X 10-6.
The average of the two determinations of the basaltic glass (the excellent From an examination of the data on metals and other solids it appears that there is an approximate relation between-the compressibility and its change with pressure. It will be shown in another publication that, for a solid having the compressibility of dunite, the probable decrease in compressibility is 0.006 X 10-6 per 1000 megabars' increase in pressure. Applying this value of A#/AP to the average compressibility of dunite over the experimental pressure range, we conclude that the compressibility of dunite is 0.84 X 10-6 reciprocal megabars at P = 2000. 0.79 X 10-6 reciprocal megabars at P = 10,000. On the basis of previus investigations on the compressibility of rocks and minerals it is believed that the compressibility of olivine itself would be practically the same as that of the dunite, and that a variation in the relative amounts of iron and magnesium would make little difference in the compressibility.
As for the basaltic glass, it is not safe to assume that the change of comr pressibility of this material would fall into line with that of the crystalline substances. Probably A#3/ AP for basaltic glass is very small. However, it will be sufficient for the present, to state that the average cubic compressibility, between 2000 and 12,000 megabars, of this basaltic glass is 1.45 X 10-6 reciprocal megabars.
Working with a specimen of basaltic glass practically identical with that used by us, Bridgman5 noted that at pressures above 7000 kg./cm.2 (at 190) the linear compressibility in a certain direction became negative. In other words, the length of Bridgman's specimen first decreased and then increased as the pressure was raised. It may be noted that no such abnormality was observed in the case of the cubic compressibility.
Velocity of Earthquake Waves. method. The difference between the older and the newer figure (7.9 at low pressures and 8.2 at 10,000 megabars) is partly due to the fact that the compressibility of the standard of reference, soft steel, is now taken at a lower value than formerly.3
At 60 km. depth the pressure is such that the velocity Up in dunite should be about 8.4 km./sec. as calculated from our measurements, whereas the velocity of the longitudinal earthquake waves at this depth within the Earth is 7.9 to 8.0 km./sec. If the effect of temperature on the elastic constants, and hence on the wave-velocity, were negligible, it would follow that the material below 60 km. consists of a mixture of olivine with some less basic silicate, say hypersthene. Probably at high pressures the effect of temperature is not large, but whatever effect there may be would tend to bring the wave-velocity in dunite closer to the actual velocity, 8.0 km./-sec., at 60 km. depth. Measurements of the compressibility of rocks at high temperatures would enable one to make a precise estimate of the composition of the Earth's interior. Granting the accuracy of the seismological results it appears, however, that the material below 60 km.
consists of a peridotite containing more olivine than hypersthene.
Incidentally, we may note that seismologic data afford us a rough estimate of the increase of elasticity with pressure (supposing the effect of temperature to be negligible). Thus at 1300 km. depth the bulk modulus K (that is, the reciprocal of the compressibility ,B) is known to be 3.4 X 106 and the pressure is 500,000 megabars; and at 100 km. depth K is 1.1 X 106 and the pressure is 28,000 megabars. Hence the increase of K for 10,000 megabars' increase of pressure is 0.05. This is of the same order of magni-tude as the amount 0.09 which is the increase in K per 10,000 megabars corresponding to the average value of Af/ AP (see above) for solids of the compressibility of dunite.
The measurements on the basaltic glass were made because it has been thought that the velocity in a glass having the composition of a basic rock might possibly be higher than in a crystalline rock of the same composition, and thus might account for the high earthquake velocities at a depth of 60 km. without assuming the existence, there, of peridotitic material. It was known that the velocity in a glass is usually less than in a crystalline material of the same composition, but it seemed worthwhile actually to measure the elasticity of a basaltic glass. From the compressibility of this glass we may calculate by equation (6) Sci., 6, 1923 (351) .
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